CLAIMS: 


1. 


method of forming a roughened layer of platinum. 


comprising: 

providingXa substrate within a reaction chamber; 

flowing anV)xidizing gas into the reaction chamber; 

flowing a platinum precursor into the reaction chamber and 
depositing platinum trom the platinum precursor over the substrate in 
the presence of the oxidizing gas; and 

maintaining a temperature within the reaction chamber at from 
about O^'C to less than SOp^'C during the depositing. 

2. The method of yiaim 1 further comprising providing a 
reactant in contact with the roughened layer of platinum and utilizing 
the platinum to catalyze a conversion of the reactant to a product. 

3. The method of claim 1 wherein the flowing the platinum 
precursor comprises flowing a carrier gasv carrying the platinum precursor, 
the carrier gas being flowed at a rate of lao greater than about 30 seem 
and the oxidizing gas being flowed at a rat\ of at least about 50 seem. 
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4. VThe method of claim 1 wherein the oxidizing gas comprises 
at least one bf O2, N2O, SO3, O3, H2O2, or NO^, wherein x has a value 
of from 1 to 3. 

5. The method of claim 1 wherein the platinum precursor 
comprises at leasft one of MeCpPtMcj, CpPtMej, Pt(acetylacetonate)2, 
Pt(PF3)4, Pt(CO)2Cl2, cis.[PtMe2(MeNC)2], or platinum 
hexafluoroacetylacetonate. 

6. The methoov of claim 1 wherein the maintaining comprises 
maintaining the temperature at from about 200*^0 to less than 300 ^^C. 

7. The method of \ claim 1 wherein the maintaining comprises 
maintaining the temperature W from about 220 **C to about 280 ^'C. 


8. The method of claim 1 further comprising forming an 
adhesion layer over the substrate and depositing the platinum onto the 
adhesion layer. \ 
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9A The method of claim 8 wherein the adhesion layer comprises 
at least one of titanium nitride, iridium, rhodium, ruthenium, platinum, 
palladium, \osmium, silver, rhodium/platinum alloy, IrOj, RuOj, RhOj, or 


OSO2. 


10. The method of claim 1 further comprising flowing at least 
one other meta^ precursor into the chamber in addition to the platinum 
precursor, and wherein the platinum is deposited as an alloy of platinum 
and the at least pne other metal. 


11. The method of claim 1 further comprising flowing a second 
metal precursor into ^e chamber and wherein the platinum is deposited 
as an alloy of platinum and the second metal. 


12. The method\ of claim 11 wherein the second metal is 
rhodium, iridium, rutheniu^, palladium, osmium, or silver. 

f) - 

13. The method of cfaim 1 wherein the platinum is deposited to 
a thickness of at least about 400A. 
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14. ^The method of claim 1 wherein the maintaining comprises 
maintaining the temperature at from about 200''C to less than SOO^'C, 
and wherein \the platinum is deposited to a thickness of at least 
about 6OOA in a time of less than about 40 seconds. 


15. A mc^thod of forming a roughened layer of platinum, 
comprising: 

providing a substrate within a reaction chamber; 

flowing an oxidizing gas into the reaction chamber; 

flowing a platiiium precursor into the chamber and depositing 
platinum from the plati^jium precursor over the substrate in the presence 
of the oxidizing gas; 

maintaining a temperature within the chamber at from about 0**C 
to less than or equal to about 280 °C during the depositing, the 
deposited platinum having a rougher surface than it would have if the 
temperature were 300*'C or greater during the depositing. 


16. The method of claim 15 wherein the deposited platinum 
forms a continuous layer over ^ surface area that is at least 4 x 10^ 
square Angstroms, 
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17. T!he method of claim 15 wherein the deposited platinum is 
hemispherical grain platinum. 

18. A method of forming a capacitor, comprising: 
providing a substrate within a reaction chamber; 
flowing a first oxidizing gas into the reaction chamber; 

flowing a first\ platinum precursor into the chamber and depositing 
platinum from the first platinum precursor over the substrate in the 
presence of the first oxidizing gas while maintaining a temperature within 
the chamber at from s^bout 0°C to less than 300^*0, and providing the 
deposited platinum into \ a first capacitor electrode; 

forming a second fi^apacitor electrode proximate the first capacitor 
electrode; and 

forming a dielectric \layer proximate the first capacitor electrode, 
the dielectric layer being\ between the first and second capacitor 
electrodes. 


A 


19. The method of \claim 18 wherein the flowing the first 
platinum precursor comprises flowing a carrier gas carrying the platinum 
precursor, the carrier gas being flowed at a rate no greater than 
30 seem and the first oxidizing eas being flowed at a rate of at least 50 
seem. 
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20. The method of claim 18 wherein the forming the second 
capacitor electrode comprises depositing platinum from a second platinum 
precursor in the presence of a second oxidizing gas. 

21. The method of claim 20 wherein the second platinum 
precursor is the same as the first platinum precursor. 

22. The method of claim 20 wherein the second oxidizing gas is 
the same as the first^ oxidizing gas. 

23. The method of claim 20 further comprising flowing a second 
metal precursor into the chamber with the first platinum precursor, and 
wherein the platinum i^ deposited as an alloy of platinum and the 
second metaL 

24. The method \of claim 23 wherein the second metal is 
rhodium, iridium, ruthenium, palladium, osmium, or silver. 

25. The method of^ claim 18 further comprising forming an 
adhesion layer over the substrate and depositing the platinum onto the 
adhesion layer. 
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26. The method of claim 25 wherein the adhesion layer 
comprises at liast one of titanium nitride, iridium, rhodium, ruthenium, 
platinum, palladium, osmium, silver, rhodium/platinum alloy, Ir02, RUO2, 
RhOj, or OsOj. 

27. The mWhod of claim 18 wherein the maintaining comprises 
maintaining the temperature at from about 200 X to less than 300 °C. 
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28. The method of claim 18 wherein the maintaining comprises 
maintaining the temperature at from about 220 to about 280 °C. 

29. A circuit cc^mprising: 

a semiconductive s^ubstrate; and 

a roughened platinum layer over the substrate, the roughened 
platinum layer comprising^ hemispherical grain platinum. 

30. A circuit complb-ising: 
a semiconductive substrate; and 

a roughened platinum layer over the substrate, the roughened 
platinum layer being contiguous over an area of the substrate that 
comprises at least about 4\x 10*^ square Angstroms and comprising 
pedestals that are at least abbut 300A tall within the area. 


23 
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3^L The circuit of claim 30 wherein the platinum layer comprises 
hemispherical grain platinum. 

32. The circuit of claim 30 wherein the area of the substrate 
comprises a squai 


33. A circuit ^comprising: 
a semiconductive substrate; and 

a roughened platinlim layer over the substrate, the roughened 
platinum layer having a coi^nuous surface characterized by columnar 
pedestals having heights greatesr than or equal to about one-third of a 
total thickness of the platinum layer. 


34. The circuit of claim 33\wherein the platinum layer has a 
thickness of at least about 600A. 


35. The circuit of claim 33 whe'rem the platinum layer has a 
thickness of greater than or equal to about 40pA. 


36. The circuit of claim 33 wherein the\)latinum layer has a 
thickness of greater than or equal to about lOOA. 
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3'X. The circuit of claim 33 further comprising an adhesion layer 
between \the platinum layer and the substrate, the adhesion layer 
comprisingXat least one of titanium nitride, iridium, rhodium, ruthenium, 
platinum, palladium, osmium, silver, rhodium/platinum alloy, IrOj, RuOj, 
RhOz, or Os( 

38. The ^circuit of claim 33 wherein the pedestals terminate in 
dome-shaped topsA 

39. The circuit of claim 33 wherein the pedestals terminate in 
hemispherical tops. 

12 

" " 40. A capacitor comprising: 

a first capacitor electrode; ^ 

a second capacitor electrode; 

\ 

a dielectric layer between the first and second capacitor electrodes; 

^7 and 

18 


19 


20 


wherein at least one of the first and second capacitor electrodes 
comprises a roughened platinum layer, the roughened platinum layer 
having a thickness of from about 40()A to about lOOOA and comprising 
21 pedestals that are at least about 30oAtall. 
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41. The capacitor of claim 40 wherein the roughened platinum 
layer comprises hemispherical grain platinum. 

42. T^e capacitor of claim 40 wherein the roughened platinum 
layer is over \ surface and is continuous over an area of the surface 
that is at least Mahout 4 x 10^ square Angstroms. 

43. The capacitor of claim 42 wherein the area comprises a 
square. 


44. A capacitor comprising: 
a first capacitorV electrode; 
a second capacitor electrode; 

a dielectric layer between the first and second capacitor electrodes; 

wherein at least ona of the first and second capacitor electrodes 
comprises a roughened platinum layer, the roughened platinum layer 
having a continuous surface Vcharacterized by columnar pedestals having 
heights greater than or equal \to about one-third of a total thickness of 
the platinum layer. 
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45. The capacitor of claim 44 wherein both capacitor electrodes 
comprise \platinum, but only one of the capacitor electrodes comprises 
the roughe\ied platinum layer. 

46. The capacitor of claim 44 wherein both capacitor electrodes 
comprise roughened platinum layers. 

47. The circuit of claim 44 wherein the pedestals terminate in 
dome-shaped tops, 

48. The circti^it of claim 44 wherein the pedestals terminate in 
hemispherical tops. 

49. A platinum-cpntaining material, comprising: 
a substrate; and 

a roughened platinuTn layer over the substrate, the roughened 
platinum layer having a continuous surface characterized by columnar 
pedestals having heights greater than or equal to about one-third of a 
total thickness of the platinunii layer. 


50. The material of clainj 49 wherein the pedestals terminate in 
dome-shaped tops. 
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5l\ The material of claim 49 wherein the pedestals terminate in 
hemispherical tops. 

52. \a reaction catalyst comprising hemispherical grain platinum. 

53. Aueaction catalyst characterized by an outer surface portion 
of platinum comprising a plurality of columnar pedestals that are at least 
about lOOA tall. 

54. The ca\alyst of claim 53 wherein the columnar pedestals are 
at least about 400A\tall. 


55. The catalyst of claim 53 wherein the platinum comprises 
hemispherical grain platinum. 


56. The catalyst \of claim 53 wherein the surface portion is 
continuous over a substra^ and covers an area of the substrate that is 
at least about 4 x 10* squjire Angstroms. 
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